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Abstract 1-1- Since High Field Laboratory'for Superconducting 
Materjals HFLSM was efiiahlishcd at Tohoku University In 1981, 
hybrid magnets such as a 31 T-HM (31.1 T, 32 mm rmm temperature 
BT bore) and a 28 T-HM (ZS,l T, 52 mm RT Tiore) hove been 
developed and utilized for shored iisc in Japan. HFLSM plays a 
driving rnle of basic nnd applied superconducting research uslng 
high magnetic fields in Japan, The 'I'ohoku hybrid magnets are 
being opcrated so frequently for 18 weeks a year, and have proved 
powerful in advanced research stndies of high-T, high field oxIde 
superconductors, conventional high ficld superconductam and high 
field superconducting magnet technologies. Magnetism, optical 
properties and other high field physical properties are also being 
investigated in ficlds up to 30 T. Further, HFLSM succeeded in 
realizing the world's first practical cryogenfree superconducting 
magnet CSM. Rcccntly, U CSM achieved 15.1 T in a 52 mm R'l' 
hore. A CSM is convcniently utilized for research in chcmlstry, 
hiology and crystal growth in high fields. 
I. INTRODUCTION 
The Japanese hybrid magnet project was initiated in 1981 
nt The Rescarch Institute for Iron, Steel and Other Metals 
(RIISOM) which is the predecessor of the present Institute for 
Materials Research (IMR), Tohoku University. In  order to 
investigate high magnetic field superconductors, such as the 
A15 compounds N4Sn and Nb,AI, for a nuclear fusion reactor, 
High Field Laboratory for Superconducting Materials (HFLSM) 
attached to IMR was constructed, and a dc power supply of 8 
MW with 23 kA and 350 V for a water-cooled magnet of a 
hybrid magnet and the relevant water-cooling system were 
installed. Three hybrid magnets have been developed so far 
[ 1 1 1  The first Japanese hybrid magnet (HM-3), consisting of an 
outer NbTi superconducting coil and an inner single Bitter-type 
water-cooled coil, generated 20.5 T in a 32 mm room temperature 
(RT) bore in 1983, and following that, the second hybrid magnet 
(HM-2), consisting of a NbTi superconducting coil and a double 
Bitter-type water-cooled coil, generated 23.2 T in a 52 mm RT 
bore in 1984. Further, the third Japanese hybrid magnet (HM-la) 
composed of a Nb,Sn superconducting coil and B poly helix-type 
water-cooled coil succeeded in generating the world's highest 
field of 31.1 T in a 32 mm RT bore in 1986. After that the 
hybrid magnet (HM-lb) modified by an inner polyhelix coil 
generated 28.1 T in a 52 mm RT bore in 1986, 
HFLSM plays an important role in basic and applied 
superconducting research using high field .magnets as a user 
facility in Japan. The IMR hybrid magnets in o w  country are 
being operated very frequently, almost I 8  weeks, every year. 
The first generation RFLSM (198 1- 1990) have fulfiilled the 
outstanding scientific and technological results. Especially, it 
is noteworthy that Ti added Nb$n multifilamentary 
superconducting wires have been practically developed in 1980s 
using the Tohoku hybrid mngnets. 
The second generation HFLSM was reorganized in 1991. in 
order to open the high field facilities for wide frontier research 
in high fields. The research subjects of high-Tc and conventional 
superconductors, magnetism, optical properties, other physical 
properties, chemistry, biology and crystal growth are conducted 
in high fields [2]. This paper describes the present status of 
HFLSM and introduces the remarkable research activities and 
the next phase planning i n  HFLSM. 
All the high field magnets operated in WFLSM at present 
are listed in Table 1, Either HM-I ur BM-2 machine time i s  
scheduled for two successive weeks every month, except summer 
and winter holidays. Figure 1 shows the number of excitation 
times of HM-I and HM-2 from 1991 to 1998 by fiscal year. A 
single excitation means that the hybrid magnet is energized up  
to above 90 % maximum field. Since the average power 
consumption of HM-2, consisting of a Bitter-type water-cooled 
coil, is about 2.5 MWh per once excitation, the electric power 
for RM-2 amounts to about 430 MWh a year. The mean life 
time of HM-2 exceeds 340 excitations, corresponding to More 
than two years. A polyhelix water-coolcd coil for HM-1 was 
successfully replaced by a newly developed double-Bitter coil. 
Although only a Cu-AGO, plate with yield strength of 500 MPa 
and conductivity of 90 YO IACS had been used for an inner 
water-cooled coil in a hybrid magnet. a high strength Cu-24 
wt.% Ag plate with 800 Ml'a and 80 % IACS was recently 
developed. We succeeded in fabricating a wide and very flat 
Cu-24 Ag plate with 360 x 360 x 0.8 mm' [31, Now, a 30 T 
hybrid magnet uscs a Cu-24 Ag double-Bitter coil. Figure 2 
shows the insert WM- la double-Bitter coil which generates 19 
T in a 32 mm RT bore. 
Since an independent water-cooled magnet such as WM-5 
also uses thc same power supply and water-cooling system as 
the hybrid magnet, an experiment using a water-coolcd magnet 
is carried out in a restricted week excluding the hybrid magnel 
operation. 
There are two kinds of superconducting magnets in HFLSM. 
One is the 20 T superconducting magnet with high homogeneity 
of 1 X in 10 mm DSV at 2.2 K, and generates 18 T i n  a 52 
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TABLE 1 
MACNETS OPERAI'ED AT HFLsM 1N 1999. 
Magnel Effcctivc Ceatral Type 
bore (mm) field (T) 
AM-I 22/52 3 1/28 ComhinationofSM-I and W M - l d l h  
SM- 1 360 12 NqSn coil 
WM-la 32 19 Po'oiyhclix or Double Bitter 
WM-lb 52 17 Polyhelix nr Dnuble Bitter 
SM-2 360 R NbTi Coil 
WM-2 5 2  I6 Dauble Bitter 
2OT-SM 52 20 (2.2 K)/18 (4.2 K) high hoinageneiiy 
IST-SM 52 15 (4.2 K) honiogeneiiy 
WM-5 82 IS Singlc Dittcr 
15 T-CSM 52 15 ( 5 0  K) Cryogcnfrcc NlgSn coil 
1 1  T-CSM 1 52 11 (5.5 K) Cryngcnfrce NqSn coil 
II T-CSM2 52 I 1  (S.5 K) Cryogcnfrce NbSn coil 
6 T-CSM 220 6 (5.5 K) Cryogenfrec NbTi coil 
4 T-CSM 38 4(11 K) Cryngcnfrce NqSn 
5 T-CSSM sox 10 S (5.5 K) Clyogcnfrcc split-pair NbTi coil 
HM-2 52 23 Combination of SM-2 and WM-2 
200 ,  
1993 1994 1995 
Fiscal Year 
1996 1997 1998 
Fig. 1. Opcrntjng hifitory of the hybrid magnets of lnstittite for Materials 
Research, Tohokii University. 
mm experimental cold bore at 4.2 K. The other is the ordinary 
15 T superconducting magnet with a 52 mm RT bore at 4.2 K. 
It is very important to bc able to utilize a high field 
superconducting magnet easily. In order to realize an easy- 
operation AI superconducting magnet, we developed a cryogenfree 
superconducting magnet using high temperature superconducting 
current leads and a GM-ctyocooler, instead of conventional gas- 
cooled copper current leads and liquid helium cooling. So far 
we have demonstrated various kind flf cryogenfree 
superconducting magnets such as a IS. I T high fidd magnct I5 
T-CSM [4], a 220 min RT bore magnet 6T-CSM, and a 5 T 
split-pair magnet 5 T-CSSM combined with an X-ray 
diffractometer, as following the world's first realization of B 
practical cryogenfree superconducting magnet 4 T-CSM (as seen 
in Fig. 3) in 1992 [SI. 
P i g ,  2. 
magnet. 
Ncrvly devcloped Chi-hg poly-Bitter 19 T magnet for a 30 I' hybrid 
111. PRINCIPAL ACHIEVEMENTS AND FUTURE PLhNN[NC 
Here we present the remarkably advanced research activiiieii 
from 1091 till  1998 in HPLSM. In high-temperature 
superconductors, the basic research relatcd to flux pinning and 
vortex phase dynamics and the application research linked to 
the above-mentioned cryogcnfrce superconducting magnet are 
noteworthy. It i s  clarified using micro Hall probes in ficlds up  
to 27 T that thc transition line for the untwinncd singlc crystal 
YBa&0, divides thc vortcx solid into the vortex glass and 
lattice phases as shown in Fig. 4 [cl]. Moreover, ultrasonic 
measurements in fields up to 231' proves t h t  the lnttice softening 
and the structural transformation to the low temprfiture tetragonril 
phase are promoted by applying a high field in La&,CuO, 
171. 
We have also concentrated on an important wire fabrication 
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temperature bore 
(BI,P b)rSraCaiCuaOw 
ourrent lead (500 
Cu flcxlble current 
Pig. 3. World's first cryogcnfree sliperconducting magnet energired at operation currents of up lo 467 A and af the coil tempcraturc of I 1 K. 
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Fig. 4. Vortex phase diagram in ficlds up to 27 T for an untwinned YBazCu3C+ 
single cryrtal. 
process in conventional superconductors. In the next step, 
multifilamentary Nb,Sn superconducting wircs strengthened and 
stabilized with Cu-20 wt.% Nb composite were devcloped 
practically IS]. A very compact wide bore superconducting 
magnet which reduces the coil weight by L/2 of the present one 
will be made using the highly strengthened CuNb/N4Sn wires 
as shown in Pig. 5 .  
The specially experimental circumstance combined with high 
lead 
Superconducting 
-- Water-cooled 
t I I 
Fig. 5. Very compact superconducting magnet with ii wide bore employing 
highly strengthcncd CiiNblNqSn wires For n hybrid magnet. 
magnetic fields, very low temperatures and high pressure also 
provides quite important measurements. Figure 6 shows the 
dilution refrigerator system cquipped with HM-Ib which makes 
possible experiments under the conditions of 30 mK and 27 T. 
The photospinics of magneto-optical materials with the electronic 
orbital states controlled by high pressure [91, the breakdown of 
the quantum Hall effect caused not by current but by Hall electric 
field [ 101, and the magnetic phase diagram with novel successive 
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Pig. 6 .  Dilution refrigemtor system at 30 rnK in high fields up io 27 T 
TABLE 2. 
I l E  NUMBER OF MASIEB ANI> DMTUK TIlESES IN WHICtI'rHE EXPERIMENTAL 
RIWLTS WERE ORTAtNED USING HFI.SM. 
Ycar Master Doctor 
lYYl 23 3 
1992 21 4 
1993 24 6 
1994 30 4 
1995 36 4 
1996 21 I 1  
1897 34 I 1  
Total 189 48 
field-induced phasc transitions for a quasi-two-dimensional 
organic conductor [ I  I ]  have been investigated in such special 
conditions using the hybrid magnet HM-I. 
Recently, we succeeded in levitating diamagnetic water 
against the gravity using the hybrid magnet [ 121. The magnetic 
levitation i s  considered to be effective for a gravity-frec state us 
well as a magnetic alignment, and far advantageous concerning 
the cost in comparison with the non-gravity state i n  the space. 
In order to perform a new material development using the 
magnetic levitation, the epoch-making and novel magnet sysiem 
has to be installed. I f  a 30 1' cryogenfree hybrid magnet consisling 
of a 10 T cryogenfree superconducting magnet and il 20 T 
poly-Bitter magnet is realized [13], it will become a powerful 
tool for studying the magnetic lcvitatinn. This is because the 
hybrid magnet configuration can in principle generate a strong 
magnetic force such as 35W ?/m ideally. 
IV CONCLUDING REMARKS 
Since High Field laboratory for Superconducting Matcrials 
was constructed at Tohoku University i n  1981, many scientists 
and engineers have carried out cxcellent works at the special 
conditions of high fields up to 30 T a d  low temperatures down 
tn 30 mK. 
In addition, HFLSM has played a very important role OF the 
education for gtnduate students in our country. From 1991 til l 
1997, 189 master and 48 doctor thcses hiive been produced 
using HFLSM as listed in Tuble 2. 
From the standpoint of magnet technology, we have 
demonstrated a cryogenfree superconducting magnet which does 
not need liquid helium for magnet operation. Furtbcr, high 
strength and good conductive Nb,Sn wires with a CuNb 
composite stabilizcr have been developed. These innovative 
tcchnologies will fwilitate our next phase pmjcct of a cryfigenfree 
hybrid magnet. 
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